In oxide glasses,
INTRODUCTION
Recently, mobile protons in glasses and high proton-conducting glasses have much attraction from a view point of scientific and/or technological point. A series of studies on protonic conduction in oxide glasses have been reported by us . 1-27 We pointed out that high proton-conducting membranes of inorganic glasses will be demanded for solid electrolytes of hydrogen-oxygen fuel cells. 1,2 The presence of an amount of high mobility protons is a requisite condition for developing fast protonconducting glasses or superprotonic conductors of glasses; we assert that it also plays an essential role in the potential development of pH-electrode glasses.41-49 High mobility protons in glasses give important effects on their electrical properties and applications Unfortunately, however, it has been long believed that protons in glasses are substantially immobile, 29 and they have no essential role on the (d.c) electrical condu ction of the glasses.
On the other hand, as we have reported since 1982, 1,2 strongly hydrogen-bonded protons in glasses have been found to be very mobile, although protons free from hydrogen-bonding are substantially immobile. The mobility of the hydrogen-bonded protons in pH-glasses has been evaluated to be much higher than that of alkali-ions. 49 The role of protons in protonic and superprotonic conductors of phosphate glasses, and that of pHelectrode glasses are reviewed in the present paper. Where, AH is a proportional factor in the equation (1) E0 is the value for [H+] = I mol/1 ; this is considered to be related to breaking of bond; E1 depends on the hopping distance or proton concentration ) (6) Both protonic conductivity and activation energy of a given glass can be evaluated (by applying the above experimental equations) from the IR absorption spectrum of a given glass plate, without the electrical measuring. contain no connective micro-pores such as those in sol-gel derived gel-glasses and in perfluorosulfonic polymers (Nation R) ; the absorption edges of these transparent and colorless glasses are around 230 nm in the ultraviolet region. Concepts of some applications of the glasses to clean energy fields are shown in Fig. 3-5 , where photocatalytic semiconductor of titania is used as an example. The photocatalytic splitting of water into hydrogen and oxygen using a semiconductor of TiO2 were first found by Honda & Fujishima 38; it operates with ultraviolet light. 
ROLE OF PROTONS IN pH-ELECTROP GLASSES
We have reported a series of studies on the mechanisms of pH-electrode glasses. 41-49
The pH-electrode glass membranes commercially obtained are regarded as a kind of hydrogen ion (H+) sensors. In spite of the lapse of about one century since the discovery of pH-responsive glass electrodes, theories or mechanisms for the origin of the potential development of the glass electrodes seem to remain unsolved. Most theories presented so far for the potential development are mainly based on the assumption that hydrogen ions (protons) in the aqueous solution do not diffuse through the glass membrane. That is to say, all recent theories for pH-glass electrodes are originated from the hypotheses accepting the immobility of protons in the glasses, and then they are complicated and seem to be somewhat mysterious. In their experiment, the glass membrane was subjected to an electrical field of 6000 V cm-1 in a dilute sulfuric acid in such a way that the hydrogen ions in the solution were introduced into the specimen. It is apparent that, as shown in Fig.6 , the introduced H+ ions replaced by Li+ ion result in the increase of H+-concentration of the glass; these increased H+ ions are not intrinsic hydrogen ions which are originally present in the glass, but extrinsic ones. The concentration of the intrinsic ions, which give IR band -2 in Fig.1 and are mobile, should remain constant before and after the voltage is applied.
As seen in Fig.7 , the pH-glass contains the highest concentration of mobile protons (band-2). On the assumption that hydrogen ions in solution diffuse into pHglass membranes during measurement of pH, it is proposed that the potential, E, is expressed by eq. 6, when H+-and alkali (M+)-ions are present in the solution. 43,46,49
Where, CHI and CMI are concentrations of H+ and M+ in test-I solution, respectively, are mobilities of H+ and M+ of the pH-glasses, respectively. Therefore, the important factor for the response to M+ ions of solution is the mobility of M+ ions of the glasses, but not their concentration. We assert; that the reason why the potential of glass electrodes originates in response to pH comes from the fact that high mobility protons are present in the glasses, and that the reason why Na2O-Al2O3-SiO2 glasses shown in Fi.7 exhibit less pH-response and better pNa-response comes from the lack of mobile protons (band-2) of the glasses. When the mobile protons are decreased, the glasses become less pH-responsive. 43 Even the silicon wafers when hydrogens are introduced by annealing in a H2 gas atmosphere, becomes pH-responsive. 47
